Abstract. We study the relationship between finite volume and mixed finite element methods for the the hyperbolic conservation laws, and the closely related convection-diffusion equations. A general framework is proposed for the derivation and a functional framework is developed which could allow the analysis of relating finite volume (FV) schemes. We show via two nonstandard formulations, that numerous FV schemes, including centred, upwind, Lax-Friedrichs, Roe, Engquist-Osher, the central Nessyahu-Tadmor schemes, etc., can be recovered in the unique dual mixed and hybrid (DMH) finite element framework. That makes possible a better understanding of these FV schemes. Moreover, the large number of DMH finite element results available can then give the analysis of these FV methods in a unified fashion. Furthermore, stabilized methods are proposed. In particular, interpretation in terms of the Lagrange multiplier of flux-limiter is given.
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We end by presenting numerical results to validate the newly proposed stabilized schemes.
Introduction
Mixed formulations for performing finite element approximations of partial differential equations are appealing from a theoretical point of view, since a standard framework and large number of results are available for carrying out their analysis.
In other respects, mixed finite element methods have been proved effective for a number of engineering problems. They provide good and efficient approximations to stress variables, have the capability of dealing with rough coefficients, and are the natural choice for equations coupling velocity and pressure or stress and displacement variables. Nevertheless, a popular and more appropriate method for discretization of conservation laws is still the FV method, used extensively in computational fluid dynamics (CFD), based on piecewise constant approximation of the solution. The FV method is widely used in applications because of its great ability in handling the convective terms in particular; it also insures the local conservation of physical quantities. However, the FV method has problems with the approximation of diffusion terms; the analysis and the extension to the multidimensional setting are not standardized, and these schemes are sensitive to the triangulation of the domain (convergence problems on elements with arbitrarily large aspect ratios, so-called anisotropic finite element meshes).
Furthermore, for the diffusion problem, the relationship between mixed finite element methods and finite volume was established among others by Farhloul and Fortin [23] (rectangular case), and Baranger et al. [7] (triangular case). This paper extends this connection, presenting a general framework for the derivation and a functional framework for the analysis of finite volume schemes, applied to the discretization of general conservation laws. The procedure is based on a dual mixed and hybrid (DMH) finite element formulation, and its connection with the FV method for nonlinear hyperbolic conservation laws,
and the closely related convection-diffusion equations,
with given data u(x, 0) = u 0 (x) and corresponding suitable boundary conditions. Here u := u(x, t) is a conserved quantity, f (u) is a convective flux, and ∂u ∂x is a dissipation flux. These equations are of great practical importance since they arise in fluid flows, reactive flows, groundwater flows, non-Newtonian flows, traffic flows, two-phase flows in oil reservoirs, etc. They also govern a variety of physical phenomena that appear in aeronautics, astrophysics, meteorology, semiconductors, financial modelling, front propagation, and other areas.
The numerical solution of the advective-diffusive transport equation is a problem of great importance because many problems in science and engineering involve such mathematical models. When the process is advection dominated, the problem is especially difficult.
